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Abstract
The application of a technical trading rule, which just provides long and short signals,
requires the investor to decide upon the exposure to stake in each trade. Although this
position sizing (or money management) crucially aects the risk and return characteristics,
recent academic literature has largely ignored this eect, leaving reported results incompa-
rable. This work systematically analyzes the impact of position sizing on timing strategies
and claries the relation to the Kelly criterion, which proposes to bet relative fractions from
the remaining gambling budget. Both erratic as well as dierent relative positions, i.e. xed
proportions of the remaining portfolio value, are compared for simple moving average trad-
ing rules. The simulation of parametrized return series allows systematically varying those
asset price properties, which are most inuential on timing results: drift, volatility, and
autocorrelation.
The study reveals that the introduction of relative position sizing has a severe impact on
trading results compared to erratic positions. In contrast to a standard Kelly framework,
however, an optimal position size does not exist. Interestingly, smaller trading fractions
deliver the highest risk-adjusted returns in most scenarios.
Keywords: Kelly Criterion, Money Management, Parameterized Simulation, Position Siz-
ing, Technical Analysis, Technical Trading, Timing Strategy.
JEL Classication: G11
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\[Money Management] | It is not that part of your system that dictates how much you will
lose on a given trade. It is not how to exit a protable trade. It is not diversication. It is
not risk control. It is not risk avoidance. It is not that part of your system that tells you what
to invest. Instead, [...] it is the part of your trading system that answers the question \How
much?" throughout the course of a trade."
Van K. Tharp (2007)
I Introduction
Technical trading rules usually generate a binary series of buy (1) and sell (0) signals, but do
not provide information how much of the trading budget1 should be invested in every trade.
The part of a trading system, which answers this particular question, is called position sizing or
money management. The choice of the money management policy has a severe impact on trading
results from both a risk and return perspective. The most basic way to follow a trading rule is
unmanaged positions, i.e. always to buy or sell one unit (e.g. one share) of the underlying asset.2
In this case, the position size is erratic because it only depends on the share price and leveraging
may become very large.3 To avoid this, two basic money management techniques can be applied:
absolute positions, i.e. to invest xed amounts, which is widely preferred by practitioners (Potters
& Bouchaud 2005); or relative positions, i.e. a xed proportion of the remaining trading capital
as inspired by Kelly (1956).4 In trading systems, however, the original Kelly idea is modied
such that the capital allocation is a dynamic process over time: the investor follows active
trading signals and sizes the trading position relative to the remaining trading budget.
Recent academic literature on technical trading, which primarily focuses on the highly con-
troversial issue of benets from trading rules, spends surprisingly little attention to describe their
detailed implemented position sizing. As a consequence, dierent views exist on the applied po-
sition sizes: Field, Power & Sinclair (2005), for example, suggest that in previous studies the
investor had an unlimited trading budget, whereas Zhu & Zhou (2009) assume that trading
positions are restricted to 100% of the remaining trading capital; and Anderson & Fa (2004)
suppose that a xed number of contracts is traded. However, it is more than doubtful that
ndings from studies with dierent implementations are comparable. In practice, experienced
system developers generally are aware of the dilemma of money management: undersized posi-
tions cannot fully exploit the trading rule's potential, but even promising trading strategies may
1The trading budget is the value of the actively managed portfolio.
2To show that asset price characteristics explain timing success, we applied a trading system with unmanaged
positions to analyze the pure inuence of the trading rule (Scholz & Walther 2011).
3For example, if the remaining trading budget is low and the share price is comparatively high.
4In order to achieve an optimal betting strategy, Kelly suggested reinvestment of gainings such that the expected
value of the logarithm of the gambling budget is maximized.2 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
generate losses if too much exposure is taken.5 Traders are prone to another fallacy, though:
to integrate highly complex money management rules solely on the basis of backtests (Harris
2002). This practice is methodologically weak and never provides a structured insight into the
impact of position sizing on the investment's risk/return prole.
The present study contributes to the literature by revealing the systematic impact of money
management on a trading systems' return distribution. The focus thus lies not only on identifying
optimal Kelly strategies or on evaluating the wealth levels achieved. Instead, I compare two basic
money management implementations applied to the prominent simple moving average trading
rule: erratic positions as well as dierent leveraging levels of relative position sizing. Asset
returns are simulated by parametric stochastic processes, with systematic variations of the most
inuential asset price characteristics: the trend (or drift) , the volatility of returns , and
the rst-lag serial autocorrelation parameter ' of an AR(1) process. In contrast to standard
backtests, the simulation approach allows to evaluate the return distributions of terminal results
as well as the daily return distributions. Both is done by applying a wide range of popular
statistical-, return-, risk-, and performance gures.
The study documents a severe impact of money management on the overall success or failure
of the trading system and a clear dependence of this impact on the asset price characteristics
of the underlying. In most scenarios, smaller relative trading positions deliver comparatively
high Sharpe ratios. In fact, the introduction and especially the reduction of relative position
sizes oers some kind of protective element: return is sacriced in order to limit the risks from
timing, especially large drawdowns. However, a universal optimal position size as supposed by
the Kelly criterion does not exist. This nding contradicts Anderson & Fa (2004), who claim
empirical optima based on backtests.
After a brief literature review, Section III explains the methodology in more detail. Section
IV presents the simulation results and summarizes the risk and performance implications from
managed positions. Section V concludes.
II Literature Review
The idea of optimal position sizing goes back to Kelly (1956), who applied information theory on
gambling and proved that the information transfer rate over a channel is equal to the maximum
exponential growth rate of a gambler's capital. The original Kelly criterion, however, is not
directly applicable in nance since here the outcomes are typically not Bernoulli distributed, in
contrast to many gambling games. It can be shown, though, that maximizing the growth rate
5For example, consecutive losing trades and drawdowns may consume the initial capital before net prots can be
realized.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 3
is formally achieved by maximizing logarithmic utility. In 1959, Latan e put forth the idea of
maximizing logarithmic utility to get an optimal growth rate in an economic context. In many
publications, the U.S. mathematician Edward Thorp adapted the Kelly formula to portfolio
selection (e.g. Thorp 1969, 1971, 1980, 2006, 2010, Rotando & Thorp 1992). Other works on
the subject further elaborated the concepts and worked out implementable solutions (Browne
1999, Hakansson & Ziemba 1995, MacLean, Ziemba & Li 2005, McEnally 1986, Mulvey, Pauling
& Madey 2003, Wilcox 2003a,b, 2005).
In continuous time, the Kelly criterion has two major benecial long run properties:6 the
asymptotic growth rate is maximized and the time to reach a given wealth level is minimized
(Breiman 1961). Although many scientists consider maximizing the log utility as superior, some
economists vigorously argue against the criterion since it neglects individual investing preferences
in favor of the optimal growth rate. Paul Samuelson (cf. Samuelson 1969, 1971, 1979, Merton
& Samuelson 1974) points out that the application of the Kelly criterion is comparably risky
due to potentially highly levered bets. It could indeed be discouraging for investors to follow
the Kelly strategy since trading success is not guaranteed if the time horizon is nite and
there is a signicant potential to interim setback periods (MacLean, Thorp & Ziemba 2010).
MacLean, Ziemba & Blazenko (1992) considered the trade-o between growth by applying the
Kelly criterion and security in terms of drawdowns and found that the high wagers of full Kelly
bets may lead to an immense reduction of wealth. However, fractional Kelly strategies, which
lower the fraction of the original Kelly bet proportionally, may help to overcome these issues by
lowering volatility and reducing the error-proneness in the edge7 calculations (MacLean, Sanegre,
Zhao & Ziemba 2004, MacLean, Zhao & Ziemba 2009). Admittedly, even those who support
Kelly's idea tend to adopt fractional strategies since one of the fundamental insights of Kelly is
the fact that overbetting is more harmful than underbetting, since it lowers growth but increases
risk (Ziemba 2009).8 MacLean, Thorp, Zhao & Ziemba (2010) conrm this perception since they
nd that the full Kelly approach does not stochastically dominate the fractional strategies.
In investment practice, there are many applications for Kelly strategies:9 to allocate capital
between dierent asset classes (e.g. Heath, Orey, Pestien & Sudderth 1987), to manage the
exposure of the risky asset in a portfolio (e.g. MacLean, Thorp, Zhao & Ziemba 2011), as well
6Cf. MacLean, Thorp & Ziemba (2010) for an extensive discussion about the \good and the bad properties of
the Kelly criterion".
7The term edge denotes the individual advantage over the general public. The determination of the optimal Kelly
bet relies on an estimate of the gambler's edge: in a portfolio context, edge describes the individually expected
return. In a very simplistic view, the optimal full Kelly bet is the edge divided by the odds (MacLean, Thorp &
Ziemba 2010), i.e. depending on the estimates of the asset's drift and volatility.
8Kelly assumes that if more risk is taken, then the investor increases the probability of extreme outcomes.
9Ziemba (2005) lists famous investors which are suspected to use Kelly strategies, including John M. Keynes and
Warren Buett.4 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
as to size individual positions within a trading system or stocks in a portfolio (e.g. Anderson &
Fa 2004). In an empirical study, MacLean et al. (2011) analyze the performance of dierent
Kelly strategies in realistic market scenarios and conrm that in the two asset case (U.S. equity
and T-bills with annual re-balancing) there is a trade-o between terminal wealth and risk:
the more aggressive the Kelly bet, the higher the moments of the terminal wealth distribution.
In contrast to the portfolio selection approach, Anderson & Fa (2004) consider the world of
trading strategies, which implies a dynamic allocation process over time. They size the position
dependent on the remaining trading capital, following the optimal-f money management policy.10
Therefore, Anderson & Fa (2004) do not maximize the utility function of the investor but try
to nd the optimal trading size empirically, assuming that such optimum exists. They base
their ndings solely on return gures extracted from a backtest of ve dierent future markets,
covering a nine-year period. With this backtest approach they nd that money management has
an important impact on trading rule protability, which supports the perception of real traders.
But, as will be revealed in this study, they were deceived by the incidental sample of their study.
III Methodology
III.1 Parametric Simulation
For the analysis, asset prices are simulated by standard time series models to obtain the entire
return distribution of terminal results. The simulation approach furthermore allows to system-
atically test the inuence of dierent asset price characteristics on the eectiveness of money
management and to exclude certain patterns which may occur in empirical data.
A discretized random walk is used to analyze the impact from the drift (or trend)  and the
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where St denotes the stock price at time t, t = 1=250 a time interval of one day, and "t a
standard-normal random variable (Glasserman 2003).
Whereas the random walk model creates normally distributed returns, stock market returns
typically exhibit some well-known stylized facts such as fat tails, time varying volatility or
clustering of extreme returns (McNeil, Frey & Embrechts 2005). This is conrmed by the
descriptive statistics of our data sample, where all 35 markets show such non-normality. With
respect to trading results, the most inuential amongst the stylized facts are autocorrelated
10As a practitioner, Ralph Vince published a series of books which deal with Kelly-based money management
approaches (cf. Vince 1990, 1992, 1995, 2007). He tries to identify an optimal relative position size f, which is
denoted as optimal-f and which he assumes will maximize the geometric rate of return.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 5
returns. Statistical tests indicate that short time lags have the strongest impact on future
returns (Cerqueira 2006). Therefore, a rst-order autoregressive process AR(1) is applied as
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For every parametric simulation, 10,000 paths were generated, which produced stable re-
sults.11 All paths comprise 2,500 data points, which corresponds to 10 years with 250 trading
days. Additionally, a forerun of prices ensures the availability of an SMA value for the rst day.
The initial underlying asset price is always set at 100e.
For the parameterization of the stochastic processes, real world data is used from 35 leading
global equity indices [cf. table (2)]. The database contains daily closing prices from 1 January
2000 to 31 December 2009 taken from Thomson Reuters. The extremes and averages of drift,
volatility, and autocorrelation are put into the parameterized simulations.12
III.2 The Simple Moving Average Trading Rule
A trading rule generally converts information from past prices into a digital series of buy and sell
signals. In contrast to the portfolio selection problem, the trading rule aims to forecast market
movements by indicating rising (1) or falling (0) prices. Accordingly, the exposure is shifted
between the risky benchmark, for example a stock market index, and the risk free alternative,
i.e. cash. The price path, which is nally generated by the trading rule is referred to as equity
curve or active portfolio.
Simple moving averages as a trading rule are a very popular example in the academic litera-
ture. The basic idea is to follow established trends, which are detected by comparing historical
price averages with the current price. SMAs have also been applied in our earlier study as an
example to verify the impact from asset price parameters on trading success. Hence, this trading
rule is also used in this study to ease comparison. The SMA(d)t on day t is the unweighted








If pt  SMA(d)t, then the system indicates a long position, i.e. holding the risky asset. If
pt < SMA(d)t, then the trading budget is entirely invested in cash. In case a buy or sell signal
is triggered, the positions are opened or closed completely.
The practical implementation of an SMA trading rule needs additional specications (besides
money management): in this study, short positions are not allowed, interest on the risk free cash
11A simulation with 100,000 paths was also run to verify that the results are stable enough.
12It should be noted, though, that the empirical levels of the parameters may not be stable over time.6 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
account as well as dividend payments are not considered, and, in case of levered portfolios, credit
rates do not apply. Lending is possible as long as the net position from debt and the portfolio is
positive. Nevertheless, leverage may cause losses beyond the initial investment and hence imply
the ruin of the investor. If a strategy on a given price path loses the total initial investment then
the strategy stops, the terminal value is set to zero and registered as total loss. All transactions
take place at the very moment when the price of the benchmark is compared to the derived
SMA.13 Sucient liquidity and an atomistic market are therefore assumed. As SMA intervals,
the 5, 10, 20, 38, 50, 100, and 200 day average are applied.14
III.3 The Money Management Component
In this study, a trading system with unmanaged positions is compared to relative position sizing,
which allows studying the sensitivity of timing results with respect to the money management
policy. If one trading unit of the underlying is bought or sold every time, e.g. one stock,
then the position size is unmanaged, i.e. erratic. This implies uncontrolled leveraging since
the exposure is only dependent on the ratio of stock price and remaining trading budget. The
relative position sizing is inspired by Kelly's idea of relative wagers and thus reinvestment of
gains. The original Kelly bet follows from maximizing the logarithmic utility function, assuming
normally distributed returns and is given as xK =
r rf
2
r with mean r and variance 2
r of the
risky asset e and the risk-free rate rf (cf. Merton 1992, MacLean et al. 2011). Following a strict
Kelly bet poses various problems, both on the market and on the investor side (shifting input
variables, changing risk tolerance and/or utility preferences of investors, non-normal distribution
of asset returns, Black Swan events etc.). Therefore, it may be appropriate to lower the full
Kelly bet in case of extreme leveraging. If a signal is triggered, feasible portions of 25%, 50%,
75%, 100%, or 125% of the remaining portfolio value are invested in the risky asset. Those
fractions are constant over time and not adjusted to new return or volatility estimates.15
Once a trade is executed, the position remains unadjusted during the whole course of the
trade. After a sell signal is triggered, the position will be closed completely. It is important
to note that the timing signals derive from the technical trading rule only. No additional
instruments to limit the exposure such as stop-loss levels are applied. These assumptions are
meant to ensure, that the pure inuence from position sizing is analyzed, not risk management,
transaction costs or interest rate sensitivity.
13In practice, one could assume that the price of the midday auction triggers the SMA and the system buys or
sells at the very next price.
14A test with all in-between levels showed a rather smooth development, hence only seven nodes are used.
15In general, parameters could be adjusted dynamically.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 7
III.4 Evaluation Criteria for Trading Systems
The evaluation of an investment's success has to balance risk and return. While Anderson &
Fa (2004) focus on the return component only, this work also considers the risk element. Due
to the simulation approach, the distribution of terminal results can be analyzed, which delivers
the main ndings and describes the investor's real exposure. Standard backtests, which are
especially popular in practice, are based on the single historical price path and hence deliver a
pathwise distribution only and are thus merely an estimate for the terminal result distribution.
Particularly if the distributions are skewed and \reshaped", the pathwise distributions may be
a biased estimator. Nevertheless, some key gures are path-dependent; in this case, the mean
over all generated paths is reported (particularly including total prots, total losses, total net
results, and maximum drawdowns.)
For the analysis of the position sizing eect, a broad range of evaluation criteria is applied
(the complete set of criteria is listed in table (3)).16 It turned out that the dierent measures
mostly delivered comparable information. Even measures which are especially designed for
highly non-normal (reshaped) distributions do not rank investment alternatives dierently than
standard measures. While this nding seems to be surprising, it is actually in-line with literature.
I therefore focus on total prots, total losses, total net results, the terminal wealth relative
(TWR),17 maximum drawdowns, the (higher) moments of the return distribution, the value-at-
risk, the Sharpe ratio, and the expected excess return (compared to a buy-and-hold investment)
for the description of timing results.
IV Simulation Results
The results section is structured as follows: rst of all, I demonstrate that there is no optimal
position size in trading and that empirical optima are just a statistical artifact [subsection
IV.1]. Subsequently, the impact of introducing a money management policy in a trading system
is revealed. Therefore, in the subsections IV.2 to IV.4, the sensitivity of trading results to
position sizing is analyzed, depending on the properties of the underlying asset price process:
drift, volatility, and autocorrelation. I apply a trading system with unmanaged (or erratic)
positions, which is compared to relative position sizing; trading systems with dierent levels of
relative positions sizing are also compared. The complete set of results is given in tables (4)
to (21) in the Appendix. Figures (3) to (8) moreover illustrate the results for the maximum
and minimum input variables, found in the empirical dataset (e.g. the maximum and minimum
drift). For reasons of clarity and readability, I abstain from graphically displaying the mean
16Additional gures can be provided upon request in case of particular interest.
17The terminal wealth relative is dened as nal balance divided by initial account size.8 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
values of the input variables. Every gure shows six pictures: on the left hand side, the results
for the maximum value of the input variable is shown; and on the right hand side the results
for the minimum value. Each line in a graph shows the results from one specic position sizing
method. The erratic position size as the point of reference is depicted in bold black (marked
with squares). It should be noted that the scaling of the graphs may be very dierent due to
the absolute performance dierences.
Figures (3), (5), and (7) present the protability gures (total net results, mean returns, and
Sharpe ratios); gures (4), (6), and (8) illustrate the corresponding risk perspective (volatility,
maximum drawdowns, and value-at-risk). All path-dependent values represent the average of
the 10,000 simulated paths.
Model Parameter Max Mean Min
Brownian motion with varying drift  22.6% 5.2% -11.6%
 26% 26% 26%
Kelly size 334% 77% -118%
Brownian motion with varying volatility  5.2% 5.2% 5.2%
 39% 26% 16%
Kelly size 34% 77% 203%
AR(1) with varying autocorrelation  5.2% 5.2% 5.2%
 26% 26% 26%
' 0.201 0.025 -0.103
Kelly size 77% 77% 77%
Table 1: Kelly position sizes. The table displays the Kelly position sizes with respect to
the three dierent scenarios, in which either the drift, the volatility, or the autocorrelation is
sensitive. The Kelly size corresponds to the relative amount of risky assets compared to the
remaining trading capital. Negative numbers imply short positions.
IV.1 Optimality of Fractions
Considering portfolio selection problems, the Kelly criterion provides optimal position sizes,
at least if returns are normally distributed and the investment horizon is innite. It is thus
possible to determine optimal position sizes by applying the Kelly criterion. The question is,
whether or not the Kelly formula also allows to nd optimal position sizes in trading systems,
in which the capital allocation is triggered by trading signals and thus develops as a dynamic
process over time. To begin with, the Kelly position sizes for the scenarios analyzed in this studyFrankfurt School of Finance & Management | CPQF Working Paper No. 31 9
are determined, which are dependent on trend and volatility of the underlying asset. For the
Brownian motion, the normality assumption is fullled and the application of the Kelly formula
is possible in principal. Autocorrelated returns do generally not qualify for Kelly bets, however,
the corresponding level for normal distributed returns is used as a reference. The full Kelly
wagers are given in table (1), assuming a risk-free rate of 0%.
Figure 1: Terminal wealth relative dependent on fraction. The graph displays the
dependency between the TWR and the applied fraction of the trading strategy. Every line
stands for a dierent trading rule. Interestingly, there is no optimal terminal wealth relative
but a monotone gradient, by contrast to the ndings of the classical portfolio application of
Kelly fractions. This nding holds for dierent drift, volatility, and autocorrelation levels in the
underlying. The example is based on =0.052 and  = 0:26.
To test for optimal position sizes, I follow Anderson & Fa (2004) who use the terminal
wealth relative (TWR)18 as success measure and plot the growth rate against the corresponding
position size. The highest TWR indicates the best fraction to be used as position size. If an
optimal fraction exists then the chart should show an unique peak. Anderson & Fa (2004)
indeed identied distinctive concave curves and thus derived optimal fractions. However, their
ndings are solely based on the one realized price path of the respective underlying. In this
study, I carry out the same analysis for each of the 10,000 simulated paths and take the average.
Interestingly, for this average, the optimal fraction vanishes and there is a monotone gradient
(cf. gure (1)). This nding holds also for the level of the Kelly fraction, which I derived from
the underlying processes. Considering the single paths from the simulation, there is indeed a
18The analysis was also carried out with the logarithm of the terminal wealth as in MacLean et al. (2011). As
expected, this delivers similar ndings.10 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Figure 2: Terminal wealth relative dependent on fraction for single paths. The gure
on the left shows some exemplary TWR curves. Some of them are concave, most of them are not.
The right-hand gure displays the development of all TWR curves: the low fractions exhibit a
lower variance in trading results compared to the levered position sizes. This nding holds for
dierent drift, volatility, and autocorrelation levels in the underlying. The example is based on
=0.052 and  = 0:26 for an SMA(38) trading rule.
signicant number of paths, which generate concave TWR curves (cf. gure (2)).19 But even
in case of concave TWR curves, the optimal position size is not the same for every path. First
and foremost, those paths are concave, which provide unfavorable characteristics for the trading
rule: by denition, in a simulation half of the paths emerge below average with respect to the
expected drift and some may even show extremely negative courses. The higher the leveraging,
the more sensitive the trading system reacts to the characteristics of the underlying path, i.e.
high prots are accompanied by severe losses in the trading account. In case of below average
drifts, the system thus generates very poor results for high fractions, as expressed e.g. by low
total net result or small hit-ratios. On average, however, these eects cancel each other out
and leave a monotone gradient. Ex-ante, there is thus no optimal fraction or position size with
respect to the TWR (except for corner solutions). The monotone gradient can be found in all
simulations, independent of drift, volatility, and autocorrelation. Put in a nutshell: the empirical
optimum of a single path is a statistical artifact.
IV.2 Position Sizing Eects for Dierent Trend Levels
To analyze the inuence of position sizing on trading results, a geometric Brownian motion is
used in the rst place. I am using this stochastic process to model dierent market conditions:
a bullish setup, represented by the maximum (22.6% p.a.) drift in the dataset; a moderate
increasing trend, i.e. the mean (5.2% p.a.) in the sample; and a bearish market, applying the
19As an example, take the SMA38 trading rule where about 38% of paths show a concave TWR curve.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 11
minimum drift (-11.6% p.a.) from the sample.20 All drift levels are combined with the empirical
mean volatility level of 26% p.a. Tables (4) to (9) contain the detailed results.
Relative versus Erratic Positions In bull markets, the total net result is always positive
and generally highest if no money management component is applied. In bear markets, the
outcome of erratic trading positions is negative but on comparable levels as the 100% fraction.
If we now compare the erratic strategy with the ock of relative ones by considering the relative
position of the black curve (with squares) against the others, we nd similar eects for the mean
return. But the erratic position is always inferior to the 100% relative position size, independent
of the market conditions.
With respect to risk-adjusted returns, however, trading systems with relative position sizing
clearly deliver better results than erratic positions. While this clearly holds for bull markets,
this is also the case in bear markets on closer examination. For negative returns, the Sharpe
ratio is misleading, since higher volatilities reward a higher ratio (Scholz & Wilkens 2006). If
the Sharpe ratio is decomposed then it becomes clear that unmanaged positions always raise
the volatility of the equity curve, especially for short term SMAs. The reason for the increase
is the high and uncontrolled leverage, which may occur if the position size is erratic. Since the
short term SMAs trigger more trades, the risk of trading extremely levered positions is higher
than in the less reactive long term SMAs. Furthermore, the introduction of (relative) money
management improves skewness and kurtosis of the trading system's return distribution [see
table (4) to (9) in Appendix]. The maximum drawdowns, by contrast to volatilities, are on
high but comparable levels in bear markets, if the 100% and 125% fractions are considered as
a reference. In the bullish scenario, the relative position sizing is capable of eectively reducing
the risk from drawdowns. In rising markets, the value-at-risk levels again show the riskiness
of erratic positions, especially if short term SMAs are applied. The introduction of money
management based on relative positions clearly improves the tail risk, except for long SMAs in
bullish environments. In bear markets, only the levered f-125% delivers higher tail risks than
erratic positions. If compared to the underyling asset, erratic positions lead to similar results
as the highly levered (f-125%) portfolio: a small underperformance in terms of expected excess
return in bullish markets; and comparatively poor expected excess returns if medium or negative
drifts are applied.
Dierent Leverage Levels Relative positions are assumed to correspond to Kelly strategies,
which also recommend constant relative fractions as position sizes. In comparison to the full
20To correct for the volatility drag, the drifts e measured in the descriptive analysis must be transformed into
a = e +
1
2  
2 to generate the applied drift levels.12 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Figure 3: Return gures dependent on drift. The graphs show the total net results, the
mean returns, and the Sharpe ratio for managed and unmanaged position sizing. On the left,
the results for maximum drift are displayed. On the right, the results for the minimum drift are
shown.
Kelly position size, the applied positions are undersized in bull markets (Kelly ratio of 334%)
and oversized in bear markets (Kelly ratio of -118%). In markets with the average trend of
5.2% p.a., the applied range of f-25% to f-125% lies near the full Kelly size of f-77% (in terms
of portfolio fractions).
Regarding the absolute outcomes in case of positive drifts, the dierent fractions behave
proportional to the drift component: the higher the leveraging, the higher the prots, the losses
and hence total net results. If negative drifts apply, however, then all systems lose likewise,
with high fractions generating more losses than low fractions. As expected, those ndings are
also reected by the mean returns: in bullish markets ( = 0:226), the mean return of the
distribution of terminal results falls as the leverage decreases; if medium drifts apply, then theFrankfurt School of Finance & Management | CPQF Working Paper No. 31 13
Figure 4: Risk gures dependent on drift. The graphs show the volatility, the maximum
drawdowns, and the value-at-risk (5%) for managed and unmanaged position sizing. On the
left, the results for maximum drift are displayed. On the right, the results for the minimum
drift are shown.
mean return slightly increases for lowered leverage levels; and in case of negative trends, the
mean return clearly rises with shrinking leverage. Considering the risk, reducing the fractions
eectively lowers volatility, maximum drawdowns and value-at-risk from trading. Especially if
the fractions are lowered below 50% then the trading system largely displays less risk than the
buy-and-hold approach. Similar ndings hold for the higher moments: skewness is improved
as leverage is lowered and kurtosis is stable between 2.91 and 4.56. Interestingly, the lower the
leverage levels, the broader the kurtosis range. As a result, low fractions generally yield superior
Sharpe ratios, independent from the drift level.21 Regarding the underlying asset as standard of
21With the SMA(200) as the only exception in case of positive drifts. Here, the Sharpe ratio is slightly larger for
higher levered systems.14 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
comparison, the reduction of leveraging leads to typical protection characteristics: the expected
excess returns suer in bullish markets but ourish in bearish ones.
Conclusions If positive drift levels apply, then the erratic position sizing seems to be the most
protable implementation. In case of negative trends, however, the prot and loss gures lie well
within the range given from relative position sizing. The application of relative position sizing
in trading systems eectively lowers the risk from timing compared to erratic positions. The
exact benet is dependent on the drift level, though. In general, smaller position sizes have a
protection eect, i.e. mean returns are smaller but risk is eectively reduced. Interestingly, the
lowest fraction of 25% has generally better Sharpe ratios than highly levered portfolios (f-125%),
i.e. leveraging does not pay a risk premium. This nding holds in every market scenario.
IV.3 Position Sizing Eects for Dierent Volatility Levels
For erratic position sizing, we found a negative impact from rising volatility on trading results
(Scholz & Walther 2011). To analyze the sensitivity of trading systems with dierent position
sizes on volatility, a Brownian motion is again applied (with mean drift level of 5.2% p.a.). I
check for the maximum (39%), the mean (26%), and the minimum (16%) annual volatility levels
given in the empirical dataset.22 The results from volatility inuence can be found in tables
(10) to (15) and gures (5) to (6).
Relative versus Erratic Positions If the total net result is considered then the erratic
position sizing is amongst the most protable implementations, no matter how volatile the
underlying is. In terms of mean returns, the picture however changes: the erratic position sizing
suers in case of high and medium volatilities of the underlying. This is due to a signicant
number of total losses if erratic position sizing is applied. Log-returns weigh the impact of a
total loss stronger than the P&L of a trading account. Only in case of low volatility levels in
the markets, the erratic position sizing generates returns, which are akin to the f-100% and f-
125% implementation. Similar ndings hold for risk-adjusted returns: trading systems without
money management clearly underperform in the given volatility setups. A high volatility level
is generally disadvantageous for erratic position sizing under risk aspects: the volatility of the
equity curve is higher, the maximum drawdowns are larger, and the value-at-risk (5%) signals
a high tail-risk. This is conrmed by skewness as well as kurtosis of the equity curve's return
distribution, which reach extreme levels. Here, introducing relative position sizing really adds







applied volatility level in the simulation) since I intended to measure the volatility eect on the timing result
only, not the mixed inuence including eects on the drift component.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 15
value. In case of comparably low volatility levels of the underlying, however, the introduction
of a relative money management policy has a minor impact; the risk from erratic positions still
approximates the risk from the 125% levered position size and is thus in the upper range.
Figure 5: Return gures dependent on volatility. The graphs show the total net results,
the mean returns, and the Sharpe ratio for managed and unmanaged position sizing. On the
left, the results for maximum volatility are displayed. On the right, the results for the minimum
volatility are shown.
Dierent Leverage Levels The applied levels of leverage may again be compared to the
corresponding Kelly wagers. A low volatility environment requires high leveraging (203%),
whereas fractions of 34% have to be chosen for high volatilities; for the medium volatility level,
a fraction of 77% corresponds to the Kelly size. Except for the highest fractions, those levels
are covered by the applied position sizes.16 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Figure 6: Risk gures dependent on volatility. The graphs show the volatility, the
maximum drawdowns, and the value-at-risk (5%) for managed and unmanaged position sizing.
On the left, the results for maximum volatility are displayed. On the right, the results for the
minimum volatility are shown.
As one would expect, lower fractions decrease the prot potential in the trading account:
the total net result, as well as total prots and losses shrink with the position size, independent
of volatility levels. This nding is also reected by the mean returns, which slightly decrease in
case of deleveraging.23 Interestingly, if the risk-adjusted returns are examined then the lower
fractions are more appealing: their Sharpe ratios are slightly higher compared to the levered
positions. In turbulent markets, these dierences are bigger than in calm markets. Since lower
23High volatility of the underlying asset generally leads to higher trading prots in absolute terms, but not to
higher mean returns. Surprisingly, the strategy's success with relative position sizing is nearly independent from
the leverage. This eect arises from the log-return eect. Since the erratic approach produces a high number
of paths, which lead to a total loss, it delivers extremely negative return values in the log-return calculation.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 17
fractions yield less returns, the source must be the risk side. Relative position sizing indeed
eectively reduces the volatility of the underlying. Downsizing of the position size additionally
increases this eect. Moreover, the higher the input volatility, the stronger the reduction eect.
This nding is also conrmed by the maximum drawdowns, which may be disastrous in case of
high volatility in the underlying returns and highly levered positions sizes. A lower fraction can
attenuate the drawdowns to more acceptable levels, especially in highly volatile environments.
The value-at-risk levels also indicate the risk reduction by delevered fractions: tail risks slightly
decrease if the position size is lowered. With respect to the underlying benchmark, the expected
excess returns are rather insensitive to the tested volatility levels.
Conclusions If only the total net result is considered, then the erratic positions work ne. The
moments of the trading system's return distribution, however, clearly show that relative position
sizing is superior: especially if the underlying exhibits high volatility, the money management
eectively decreases risks. Only in case of low volatile underlyings, the reduction eect is
negligible. Low fractions further reduce the moments but only slightly improve the risk-adjusted
returns.
IV.4 Position Sizing Eects for Dierent Autocorrelation Levels
In order to analyze the relevance of autocorrelation, an AR(1) process is used to generate
autocorrelated return series. In all simulations, the drift is set at the empirical mean return
level of 5.2% p.a. and the volatility at the empirical mean volatility level of 26% p.a.24 Three
dierent lag-one autocorrelation levels are examined: the maximum (0.2064), the mean (0.025),
and the minimum (-0.1027) of the empirical estimates from the dataset. An overview of the
results can be found in tables (16) to (21). Figures (7) and (8) display the ndings for the
highest and lowest autocorrelation levels.
Relative versus Erratic Positions In highly autocorrelated markets (' = 0:2064), erratic
positions generate positive total net results, which are similar to those of 50% to 75% fractions. In
case of negative autocorrelation, however, the success of erratic positions extremely depends on
the moving average window (low total and mean returns for short windows, higher for long ones).
The SMA(38) seems to be the pivotal point. Especially short term SMA trading rules are prone
to whiplash signals since they respond quickly to the underlying. Erratic positions aggravate this
eect by uncontrolled leveraging; hence they are particularly susceptible to repeated loss trades.
The mean returns generally conrm these ndings; due to the log-return calculation, however,
24Once more, the applied drifts have to be corrected with a = e (1 '); and the volatilities a = 
2
e (1 '
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erratic positions generate inferior mean returns.25 If risk-adjusted returns are considered, the
picture slightly changes such that the erratic positions generate inferior Sharpe ratios due to
lower returns and increased volatility. Looking at the risk measures, erratic position sizing
produces extreme risks in the negative autocorrelation scenario: volatility is excessive, maximum
drawdowns may be disastrous, and the value-at-risk indicates a very high tail risk. This is again
due to the susceptibility to whiplash signals. Consequently, in case of positive autocorrelation,
trading systems without position sizing do not cause extended risks. If the trading systems'
returns are compared with those from the underlying asset, the expected excess returns imply
that the erratic positions are inferior to the money-managed trading systems, no matter which
leveraging is applied or which autocorrelation level is used for the simulations.
Dierent Leverage Levels Although underlyings with autocorrelated returns do generally
not qualify to implement Kelly strategies, the corresponding level for normally distributed re-
turns of 77% is used as a reference. That way, the impact on trading results can be analyzed in
case Kelly sizing is nevertheless applied by investors.
For positive autocorrelation, the total net result is the higher, the higher the leverage. Es-
pecially the short term SMA trading rules benet, while the long term SMAs are less sensitive
due to a smaller number of trades. Higher leveraging is unfavorable for short term SMAs in this
scenario, however, long term SMAs even benet from leveraging since they are less sensitive to
whiplash signals. These ndings are conrmed by the mean returns of the distribution of ter-
minal results. Independent from the autocorrelation level, a lower leverage improves the Sharpe
ratio of the trading system. Compared to the underlying, however, the f-125% trading system
delivers the highest expected excess returns against the benchmark if positive autocorrelation
applies. The picture changes for negative autocorrelated underlyings and the lower fractions
show the least poor expected excess returns. The implementation of a relative money man-
agement component eectively controls the risk of the active portfolio: excess volatility against
the underlying never occurs, even if highly levered f-125% positions are traded. The skewness
improves in the trading portfolio and the kurtosis rises only moderately (4.64), which implies
that the number of extreme outcomes is only slighly raised. Lower fractions of the position
size moreover reduce the maximum drawdowns and the value-at-risk from timing. The only
exception is the value-at-risk for high serial autocorrelation levels in the underlying: here, the
short term SMA trading rules benet if they are combined with highly levered trading positions.
Conclusions In terms of protability, highly levered portfolios are preferable if markets ex-
hibit positive autocorrelation, while unlevered portfolios are better suited if autocorrelation is
25Total net results which imply high losses in the trading account deliver highly negative return gures.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 19
Figure 7: Return gures dependent on autocorrelation. The graphs show the total net
results, the mean returns, and the Sharpe ratio for managed and unmanaged position sizing.
On the left, the results for maximum autocorrelation are displayed. On the right, the results for
the minimum autocorrelation are shown.
negative (this is consistent with the fact that SMA-timing is highly successful in autocorrelated
markets but suers from negative autocorrelation). The eect remains, that in positive autocor-
related markets short term SMAs are preferable (and long term SMAs if negative autocorrelation
applies). Risk can be eectively controlled by relative position sizing, especially for lower frac-
tions. Erratic positions are inferior, particularly if markets show negative autocorrelation. The
cautious approach with trading lower fractions thus generates the highest risk-adjusted returns.20 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Figure 8: Risk gures dependent on autocorrelation. The graphs show the volatility, the
maximum drawdowns, and the value-at-risk (5%) for managed and unmanaged position sizing.
On the left, the results for maximum autocorrelation are displayed. On the right, the results for
the minimum autocorrelation are shown.
V Conclusions
The study shows that position sizing has a considerable impact on the performance of SMA
timing strategies. Academic papers, which spend only little attention to detailed money man-
agement, miss an important inuencing factor and run the risk of misinterpreting or insuciently
understanding the empirical results. A clear recommendation for optimal position sizes is given
by the well known Kelly ratio, which is applicable in gambling and long-term portfolio allocation.
However, the application of relative positions in trading systems, is dierent to the \traditional"
Kelly strategies, in which the capital is always invested with a fractional or full Kelly proportionFrankfurt School of Finance & Management | CPQF Working Paper No. 31 21
in the risky asset. An active trading strategy proposes investments only for specic time periods
according to the signal.
A major nding of the study is that there is no optimal position size in a trading system
which is based on the SMA trading rule. By contrast to portfolio optimization, where generally
a maximum of the terminal wealth relative can be found, the terminal wealth relative of the
trading account is linear and shows no turning point at the Kelly ratio. Findings from other
authors, which suggest that there is an optimal position size, rely on single paths of a backtest.
This is, however, misleading. If the terminal distribution of total net results is considered, then
the concave shape vanishes. Hence, there seems to be no optimal money management approach;
the choice is rather dependent on the underlying asset price characteristics. For instance, if the
underlying shows positive trends, high serial autocorrelation, and/or low volatility, then erratic
or highly levered position management provide fair results. In contrast, if negative drifts, neg-
ative autocorrelation, and/or high volatilities apply, then relative position management is the
better choice. In any case, the introduction of relative money management eectively reduces
the risks in the actively managed portfolio. The exclusive focus on return aspects from money
management hence fails to meet the real strong point of relative position sizing and the major
distinguishing feature to unmanaged positions. If relative position sizing is implemented, how-
ever, then the dierence between the diverse fractions is surprisingly small. Interestingly, the
lowest fraction f-25% shows the highest Sharpe ratios amongst the tested portions but not the
highest returns. In terms of risk-adjusted returns, this conrms Kelly's suggestion that overbet-
ting is more harmful than underbetting. In a nutshell, all-in actually seems not to be the wisest
investment strategy for investors.
Acknowledgments
I am grateful to Leonard C. MacLean from Dalhousie University and Ursula Walther from Frankfurt
School of Finance & Management for helpful discussion and suggestions. The dataset from Thomson
Reuters is very much appreciated. Furthermore, I want to thank the members of the Centre for Practical
Quantitative Finance and the participants of the 19th Triennial Conference of the International Federation
of Operational Research Societies (Melbourne, Australia) for comments and feedback.
References
Anderson, J. A. & Fa, R. W. (2004), `Maximizing Futures Returns Using Fixed Fraction Asset
Allocation', Applied Financial Economics 14, 1067{1073.
Breiman, L. (1961), Optimal Gambling System for Favorable Games, in `Proceedings of the 4th
Berkely Symposium on Mathematical Statistics and Probability 1', pp. 63{78.
Browne, S. (1999), `The Risk and Rewards of Minimizing Shortfall Probability', Journal of
Portfolio Management 25(4), 76{85.22 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Cerqueira, A. (2006), Autocorrelation in Daily Stock Prices. Working Paper, 4th PFN Confer-
ence.
Field, S. G. M., Power, D. M. & Sinclair, C. D. (2005), `An Analysis of Trading Strategies in
Eleven European Stock Markets', The European Journal of Finance 11(6), 531{584.
Glasserman, P. (2003), Monte Carlo Methods in Financial Engineering, rst edn, Springer, New
York.
Hakansson, N. H. & Ziemba, W. (1995), Capital Growth Theory, in `Handbooks in OR & MS',
Elsevier, North Holland, pp. 65{86.
Harris, M. (2002), `Facing the Facts of Risk and Money Management', Active Trader May, 33{
35.
Heath, D., Orey, S., Pestien, V. & Sudderth, W. (1987), `Minimizing or Maximizing the Expected
Time to Reach Zero', SIAM Journal on Control and Optimization 25(1), 195{205.
Kelly, J. L. (1956), `A New Interpretation of Information Rate', The Bell System Technical
Journal 35, 917{926.
Latan e, H. A. (1959), `Criteria for Choice Among Risky Ventures', The Journal of Political
Economy 67(2), 144{155.
MacLean, L. C., Sanegre, R., Zhao, Y. & Ziemba, W. T. (2004), `Capital Growth with Security',
Journal of Economic Dynamics and Control 28(5), 937{954.
MacLean, L. C., Thorp, E. O., Zhao, Y. & Ziemba, W. T. (2010), Medium Term Simulations of
the Full Kelly and Fractional Kelly Investment Strategies. Working Paper.
MacLean, L. C., Thorp, E. O., Zhao, Y. & Ziemba, W. T. (2011), `How Does the Fortune's For-
mula Kelly Capital Growth Model Perform?', The Journal of Portfolio Management 37(4), 96{
111.
MacLean, L. C., Thorp, E. O. & Ziemba, W. T. (2010), Good and Bad Properties of the Kelly
Criterion. Working Paper.
MacLean, L. C., Zhao, Y. & Ziemba, W. (2009), Optimal Capital Growth with Convex Loss
Penalties. Working Paper, Dalhouse University.
MacLean, L. C., Ziemba, W. T. & Blazenko, G. (1992), `Growth versus Security in Dynamic
Investment Analysis', Management Science 38(11), 1562{1585.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 23
MacLean, L. C., Ziemba, W. T. & Li, Y. (2005), `Time to Wealth Goals in Capital Accumulation
and the Optimal Trade-O Growth versus Security', Quantitative Finance 5(4), 343{357.
McEnally, R. W. (1986), `Latan e's Bequest: The Best of Portfolio Strategies', Journal of Port-
folio Management 12(2), 21{30.
McNeil, A. J., Frey, R. & Embrechts, P. (2005), Quantitative Risk Management, Princeton Series
in Finance, New Jersey.
Merton, R. C. (1992), Continuous-Time Finance, Blackwell Publishers, Oxford, Melbourne,
Berlin.
Merton, R. C. & Samuelson, P. A. (1974), `Fallacy of the Log-Normal Approximation to Optimal
Portfolio Decision-Making Over Many Periods', Journal of Financial E 1, 67{94.
Mulvey, J. M., Pauling, W. R. & Madey, R. E. (2003), `Advantages of Multiperiod Portfolio
Models', Journal of Portfolio Management 29(2), 35{45.
Potters, M. & Bouchaud, J.-P. (2005), `Trend Followers Lose More Often Than They Gain',
Wilmott Magazine 26, 58{63.
Rotando, L. M. & Thorp, E. O. (1992), `The Kelly Criterion and the Stock Market', The
American Mathematical Monthly 99(10), 922{931.
Samuelson, P. A. (1969), `Lifetime Portfolio Selection by Dynamic Stochastic Programming',
Review of Economics and Statistics 51, 239{246.
Samuelson, P. A. (1971), `The \Fallacy" of Maximizing the Geometric Mean in Long Sequences
of Investing or Gambling', Proceedings of the National Academy of Sciences of the United
States of America 68(10), 2493{2496.
Samuelson, P. A. (1979), `Why We Should not Make Mean Log of Wealth Big Though Years to
Act are Long', Journal of Banking & Finance 3(4), 305{307.
Scholz, H. & Wilkens, M. (2006), `Die Marktphasenabh angigkeit der Sharpe Ratio |
Eine empirische Untersuchung f ur deutsche Aktienfonds', Zeitschrift f ur Betriebswirtschaft
76(12), 1275{1302.
Scholz, P. & Walther, U. (2011), The Trend is not Your Friend! Why Empirical Timing Success
is Determined by the Underlying's Price Characteristics and Market Eciency is Irrelevant.
CPQF Working Paper No. 29, Frankfurt School of Finance & Management.24 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Tharp, V. K. (2007), Trade Your Way to Financial Freedom, second edn, McGraw-Hill, New
York.
Thorp, E. O. (1969), `Optimal Gambling Systems for Favorable Games', Review of the Interna-
tional Statistical Institute 37(3), 273{293.
Thorp, E. O. (1971), Portfolio Choice and the Kelly Criterion, in `Business and Economics
Statistics Section', Proceedings of the American Statistical Association, pp. 215{224.
Thorp, E. O. (1980), `The Kelly Money Management System', Gambling Times pp. 91{92.
Thorp, E. O. (2006), The Kelly Criterion in Blackjack, Sports Betting, and the Stock Market, in
S. Zenios & W. Ziemba, eds, `Handbook of Asset and Liability Management', Vol. 1, Elsevier,
North Holland, pp. 387{428.
Thorp, E. O. (2010), Understanding the Kelly Criterion, in L. MacLean, E. Thorp & W. Ziemba,
eds, `The Kelly Capital Growth Investment Criterion: Theory and Practice', World Scientic
Press, Singapore.
Vince, R. (1990), Portfolio Management Formulas: Mathematical Trading Methods for the Fu-
tures, Options, and Stock Markets, John Wiley & Sons, New York.
Vince, R. (1992), The Mathematics of Money Management: Risk Analysis Techniques for
Traders, John Wiley & Sons, New York.
Vince, R. (1995), The New Money Management: A Framework for Asset Allocation, John Wiley
& Sons, New York.
Vince, R. (2007), The Handbook of Portfolio Mathematics: Formulas for Optimal Allocation &
Leverage, John Wiley & Sons, New York.
Wilcox, J. W. (2003a), `Harry Markowitz and the Discretionary Wealth Hypothesis', Journal of
Portfolio Management 29(3), 58{65.
Wilcox, J. W. (2003b), `Risk Management: Survival of the Fittest', Wilcox Investment Inc.
Wilcox, J. W. (2005), `A Better Paradigm of Finance', Finance Letters 3(1), 5{11.
Zhu, Y. & Zhou, G. (2009), `Technical Analysis: An Asset Allocation Perspective on the Use of
Moving Averages', Journal of Financial Economics 92, 519{544.
Ziemba, W. T. (2005), `The Symmetric Downside Risk Sharpe Ratio and the Evaluation of
Great Investors and Speculators', The Journal of Portfolio Management 32(1), 108{122.
Ziemba, W. T. (2009), Utility Theory for Growth versus Security. Working Paper.Frankfurt School of Finance & Management | CPQF Working Paper No. 31 25
Appendix
Country Index RIC Region Market Status Remark
Argentina MERVAL .MERV South America Frontier Emerging
Australia All Ordinaries .AORD Oceania Developed
Austria ATX .ATX Central Europe Developed
Belgium BEL-20 .BFX Western Europe Developed
Brazil BOVESPA .BVSP South America Advanced Emerging BRIC
Canada S&P TSX 60 .TSE60 North America Developed
China HSCE .HSCE East Asia Secondary Emerging BRIC
Europe DJ EuroStoxx 50 .STOXX50E Europe Developed
France CAC 40 .FCHI Western Europe Developed
Germany DAX 30 .GDAXI Central Europe Developed
Greece Athex 20 .ATF Southeast Europe Developed
Hong Kong Hang Seng .HSI East Asia Developed
Hungary BUX .BUX Eastern Europe Advanced Emerging
India S&P CXN NIFTY .NSEI South Asia Secondary Emerging BRIC
Indonesia JSX Composite .JKSE Southeast Asia Secondary Emerging Next 11
Italy MIB 30 .FTMIB Southern Europe Developed
Japan Nikkei 225 .N225 East Asia Developed
Mexico IPC .MXX Central America Advanced Emerging Next 11
The Netherlands AEX .AEX Western Europe Developed
Pakistan KSE 100 .KSE South Asia Secondary Emerging Next 11
Peru Lima General Index .IGRA South America Secondary Emerging
The Philippines PSEi .PSI Southeast Asia Secondary Emerging Next 11
Poland WIG 20 .WIG20 Eastern Europe Advanced Emerging
Russia RTS .IRTS Eastern Europe Secondary Emerging BRIC
Saudi Arabia Tadawul FF Index .TASI Arabia n/a
Singapore STI .FTSTI Southeast Asia Developed
South Africa JSE Top 40 .FTJ20USD Africa Advanced Emerging
South Korea KOSPI .KS11 East Asia Developed Next 11
Spain IBEX 30 .IBEX Southwest Europe Developed
Sweden OMX Stockholm 30 .OMXS30 Northern Europe Developed
Switzerland SMI .SSMI Central Europe Developed
Thailand SET .SETI Southeast Asia Secondary Emerging
Turkey ISE 100 .XU100 Arabia Secondary Emerging Next 11
U.K. FTSE 100 .FTSE Western Europe Developed
U.S.A. S&P 500 .GSPC North America Developed
Table 2: The selection of 35 leading equity indices. The table shows the 35 selected
countries as well as their corresponding leading equity index. Moreover, their geographical
location is given. All data is taken from Thomson Reuters. RIC denotes the Reuters Instrument
Code. The rating of the market status is taken from the FTSE list and divided into 4 classes:
developed, advanced emerging, secondary emerging and frontier markets.26 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Table 3: Overview of applied evaluation criteria. For the analyses, a rich selection of
dierent evaluation criteria are applied. It turned out that the dierent criteria pointed largely




Sum of prots Accumulated single prot trades of the trading system
Sum of losses Accumulated single loss trades of the trading system
Total (net) result Net prot or loss of the trading system
Terminal wealth relative Total net result divided by initial capital
Biggest win Biggest single prot trade of the trading system
Biggest loss Biggest single loss trade of the trading system
Average win trade Mean of the single prot trades
Average loss trade Mean of the single loss trades
Average trade Mean of all trades
Best result Best timing result over all paths
Worst result Worst timing result over all paths
Average result Mean timing result over all paths
Trades
Number of transactions Total number of all open and closing transactions
Number of prots Total number of single prot trades
Number of losses Total number of single loss trades
Hit ratio Total number of prot trade divided by total number
of trades
Equity Curve Analysis
All-time-high Price and point in time of all-time-high
All-time-low Price and point in time of all-time-low
continued on next pageFrankfurt School of Finance & Management | CPQF Working Paper No. 31 27
Criterion Brief Description
Psychological key gures
Maximal drawdown Maximal distance between global peak and valley of
price path
Mean drawdown Mean distance between local peaks and valleys of
price path
Longest sequence of losses Longest series of loss trades only
Average duration of a prot trade Mean time of investment in a prot trade
Average duration of a loss trade Mean time of investment in a loss trade
Return distribution measures
Mean of returns First moment of return distribution
Median of returns Numeric value separating the probability
distribution in two halves.
Skew of returns Third moment of return distribution
Kurtosis of returns Fourth moment of return distribution
Risk measures
Variance Second moment of return distribution
Volatility Standard deviation of returns
Expected shortfall Expresses the expected loss with respect to an
individual threshold
Semivariance Dened as expected squared shortfall
Downside deviation Square root of the semivariance, which corresponds
to \downside" counterpart of the standard deviation
Tracking error Standard deviation of the dierence between the
portfolio and benchmark returns
Expected excess measures (based on terminal distribution, compared to benchmark)
Expected excess return Expected over-return from timing
Expected excess volatility Expected higher volatility in the equity curve
continued on next page28 Frankfurt School of Finance & Management | CPQF Working Paper No. 31
Criterion Brief Description
Performance measures
Sharpe ratio Ratio of return to standard deviation
Sortino ratio Ratio of return to downside deviation
Calmar ratio Ratio of returns to maximum drawdown
Sterling ratio Ratio of returns to (increased) adjusted
maximum drawdown
Information ratio Ratio of residual return to residual risk
Omega ratio Ratio of probability-weighted prots to probability-
weighted losses with respect to an individual threshold.
RINA index Combines the total result, the time in the market and
mean drawdown to a reward-risk ratio.
Sequence analysis of timing
Runs analysis Test if the timing returns are stochastic
Autocorrelation Serial autocorrelation of rst lag of timing returns
Miscellaneous
Stochastic dominance Form of stochastic ordering that requires only limited
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